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Harbinger of brain damage
Dr. Robert Vorburger, Fachstellenleiter Knowledge Engineering, voru@zhaw.ch 
White matter hyperintensities (WMH) are areas of 
increased signal intensity in magnetic resonance 
imaging due to macrostructural changes in the 
white matter of the human brain. WMH have 
been linked to Alzheimer’s disease, emotional 
and motoric dysfunction, and risk of later devel-
opment of stroke. There has been recent interest 
in understanding the nature of the regional dis-
tribution of WMH and the extent to which WMH 
reflect restricted, discrete damage or a «tip-of-
the-iceberg» phenomenon in which the abnormal 
signal is a harbinger of microstructural damage. 
In collaboration with the Columbia University, the 
IAS investigates the hypothesis that regions with 
an intrinsically lower microstructure are most sus-
ceptible to develop WMH. Part of the ongoing 
project was to define a normative white matter 
microstructure template for young, healthy adults 
as well as a WMH frequency template in older 
adults. Microstructure is thereby reflected by the 
fractional anisotropy (FA) value of the water dif-
fusion in the brain. First comparisons of the two 
templates show evidence supporting the postu-
lated hypothesis.  
FA template (left) and WHM frequency template (right)
The evolution of species can be traced back in 
history using the molecular changes in genes 
over time. This is modeled as a process of 
change along an evolutionary tree termed phy-
logeny. The two most important types of events 
are substitutions and indels (insertions and dele-
tions) of nucleotides. Indel events are notorious-
ly difficult to model and to reconstruct. Funded 
by SNSF grant 31003A_157064 (454 000 CHF 
between 2015 –2018), Massimo Maiolo and 
Lorenzo Gatti – PhD students at the Applied 
Computational Genomics Team – have devel-
oped new methodology, which for the first time 
employs a mathematical indel model in order 
to find and align evolutionarily related gene se-
quences and to infer their phylogenies (fig.  1). 
Building on this work, the research will continue 
to tackle a joint reconstruction of ancestral gene 
sequences and the phylogenetic relationships. 
New funding of 800 000 CHF was secured for 
4 years (2018–2022) provided by SNSF grant 
31003A_176316.  C
A -C T-
A GT --
- GC --
sequence 1
sequence 2
sequence 3
ho
m
ol
og
y 
pa
th
s
seq.1 seq. 2 seq. 3
guide tree
A
A
A
-
G
C
T
T
-
MSA
A -C T
A GT -
- GC -
MSA
TR
i
j
k
A
C
T
G
C
G
A
T
i
j
k SM SYB SX
C
A -C T-
A GT --
- GC --
sequence 1
sequence 2
sequence 3
ho
m
ol
og
y 
pa
th
s
seq.1 seq. 2 seq. 3
guide tree
A
A
A
-
G
C
T
T
-
MSA
A -C T
A GT -
- GC -
MSA
TR
i
j
k
A
C
T
G
C
G
A
T
i
j
k SM SYB SX
C
A -C T-
A GT --
- GC --
sequence 1
sequence 2
sequence 3
ho
m
ol
og
y 
pa
th
s
seq.1 seq. 2 seq. 3
guide tree
A
A
A
-
G
C
T
T
-
MSA
A -C T
A GT -
- GC -
MSA
TR
i
j
k
A
C
T
G
C
G
A
T
i
j
k SM SYB SX
C
A -C T-
A GT --
- GC --
sequence 1
sequence 2
sequence 3
ho
m
ol
og
y 
pa
th
s
seq.1 seq. 2 seq. 3
guide tree
A
A
A
-
G
C
T
T
-
MSA
A -C T
A GT -
- GC -
MSA
TR
i
j
k
A
C
T
G
C
G
A
T
i
j
k SM SYB SX
ho
m
ol
og
y 
pa
th
s
C
A -C T-
A GT --
- GC --
sequence 1
sequence 2
sequence 3
ho
m
ol
og
y 
pa
th
s
seq.1 seq. 2 seq. 3
guide tree
A
A
A
-
G
C
T
T
-
MSA
A -C T
A GT -
- GC -
MSA
TR
i
j
k
A
C
T
G
C
G
A
T
i
j
k SM SYB SX
C A
-
C
T
- A
G
T
-
-
-
G
C
-
-
se
qu
en
ce
 1
se
qu
en
ce
 2
se
qu
en
ce
 3
hom
olog
y p
ath
s
se
q.
1
se
q.
 2
se
q.
 3
gu
id
e 
tre
e
A
A A
-
GC T
T -
M
SA
A
-
C
T
A
G
T
-
-
G
C
-
M
SA
TR
i
j
k
A
C
T
G
C
G
A
T
i
j
k
S
M
S
Y
B
S
X
Aligning gene sequences along a phylogeny  
using a dynamic programming approach  
with indel model (from Maiolo, Zhang, Gil,  
Anisimova 2018 BMC Bioinformatics  
https://doi.org/10.1186/s12859-018-2357-1) 
